This study evaluated the different expressions of cherry tomato growth, yield and quality under bamboo and rice husk biochar applications to soil. The experiment was conducted under glasshouse conditions at Hakozaki campus, Kyushu University, Japan and consisted of 5 treatments, namely 1) no biochar application as a control; 2) 2% (RH2) and 3) 5% (RH5) of rice husk biochar; 4) 2% (BB2) and 5) 5% (BB5) of bamboo biochar. Bamboo biochar application significantly improved tomato growth, including number of leaves, fresh biomass yield of aboveground and underground parts for BB5; number of fruit; fresh yield from 24% -25% for BB2 and BB5. In particular, both bamboo and rice husk biochar application at two rates 2% and 5% had positive effects on tomato quality, demonstrated by the increased total sugar content from 56% to 91%, and the enhancement of ascorbic acid content for BB2 and RH2 by 12% and 17%, respectively. Those improvements reflected the soil physiochemical property changes after biochar application, including the increase in plant available water for bamboo biochar amendment before and after cultivating by 25% -38% and 9% -18%, respectively, compared with those of control; and the increased total soil N for bamboo biochar treatments (11% -14%). Generally, all data above support bamboo biochar utilization for the purpose of improving soil properties and developing crop production.
Introduction
Biochar, is produced when biomass is heated in a closed container with little or no available air [1] . Its utilization in large scale in agriculture is expected to improve soil properties, as well as reduce greenhouse gas emissions such as carbon dioxide gas and methane gas [2] [3] [4] [5] .
Biochar types vary depending on the raw material, pyrolysis time and temperature [6] . Rice and bamboo are two typical crops in Asia Pacific region. While rice is the most important food crop and 90 percent of world's rice is produced and consumed in this region [7] , bamboo is a major non-wood forest and wood substitute found in all regions of the world [8] . Rice husk is one product of rice production. It is the outermost layer of rice seed and it counts for around 20% of total rice production, equivalent to 154 million tons produced annually in Asian countries [9] . The problem here is to manage the rice husk production effectively not only for economic reasons but also to prevent the environmental pollution from burning it. Similarly to rice husk, bamboo area covers over 6.3 million km 2 in Asian countries [10] . It is known as an easy-growing plant and more than ten million farmers are involved with bamboo production, adding up to 35 million jobs [11] [12] . The rapid growth of bamboo forest tends to overpower other plant species and become a monoculture forest, contributing to the loss of biodiversity, soil nutrition, and damaging soil's physical structure [11] [13] . Using rice husk and bamboo as biochar raw materials seems to be a good solution that not only helps to solve those environmental problems mentioned above, but also effectively uses the available material in Asia countries.
The tomato, one of the most popular vegetables grown in home gardens, requires little space for a large yield. It is relatively low in calories and is a good source of vitamins C and A that are loaded with many human health benefits.
Among various tomato varieties, draft cherry tomato is a small sized one, with its fruits often used in salads. It is easy to grow even in pot conditions, is quite resistant to pests and diseases, and does not require staking.
Many previous papers have evaluated the effect of biochar on the physical and chemical properties as well as soil microorganisms [14] - [21] in terms of soil pH, bulk density, porosity, water retention, saturated hydraulic conductivity, available water content, nutrient absorption and release of nitrogen, phosphorus, potassium and the microorganisms into the soil. There are also numerous papers that identify the impact of biochar on growth, yield, and quality on crops such as rice, maize, soybean, pepper, etc. [22] [23] [24] [25] . However, there were few papers that compared the effect of rice husk and bamboo biochar, two available materials in Asian regions.
This study aimed to clarify the different expressions of draft cherry tomato growth, yield and especially quality under the effects of bamboo and rice husk biochar via exploring the soil physicochemical property changes occurring after biochar application after tomato cultivation, to get a firsthand account of whether bamboo biochar or rice husk biochar utilization was better. 
Material and Methods

Biochar, Soil and Compost Utilization
Two types of biochar were used in this experiment, namely commercial rice husk biochar (RH) and Bamboo biochar that was pyrolysed at 500˚C for 1 hour (Figure 1 ). Biochar was crushed to ≤2 mm before being mixed with soil.
Soil was collected from the soil surface layer (up to 20 cm depth) from the field at Kyushu University Farm in Kasua-machi, Fukuoka, Japan. The soil was clay loamy, which contains 34% sand, 30% silt, and 36% clay. The soil was air dried and passed through a 2-mm stainless steel mesh sieve.
Biochar, soil pH, and electrical conductivity (EC) were measured by pH meter Compost was mixed with soil at the rate 1:5 (weight/weight).
Experimental Setup
The experiment was set up at a glasshouse in Kaizuka field, Hakozaki campus, Kyushu University (33˚37'37. was added to each pot of tomato. The same irrigation was supplied among treatments. Some crop's growth, yield and quality parameters including crop height (cm); biomass yield (g); number of fruit; fruit diameter (cm); fresh fruit weight (g); total glucose and fructose content (g/l); ascorbic acid content; and soil physicochemical properties including available water; total N, P, K were observed.
Plant and Soil Analysis
Chlorophyll content of leaf was measured by SPAD 502 Plus meter (A product of KONICA MINOLTA) in the morning at 9:00 am. The height of tomato at harvest time was measured by the length in cm from the soil surface to the top of crop; Number of leaf: total leaves that crop had during its life; The aboveground and underground fresh biomass yield were observed after harvesting; Fruit diameter (cm) was measured by caliper with the accuracy of 1/20 mm; Fresh yield (gram): the total fruit weight of all harvest times, tomatoes were harvested at red stage of the ripening color chart [26] ; tomatoes were stored in frozen conditions after harvest. Tomatoes from all harvest times then were extracted to analyze the quality. Total sugar and ascorbic acid contents were measured by RQflex plus 10 meter using test strips base on the procedure number 116,136 and 116,981, respectively, [27] [28] . For total sugar analysis, the extract solid sample was diluted 10 times, then the mixture of 10ml distilled water, 5 drops of reagent TS-1 and 1 ml of pretreated sample was measured by RQflex plus 10 meter. Soil available water was measured by hanging column and centrifuge methods; soil total N, P, K were determined after wet digestion with salicylic-sulfuric acids and sodium thiosulphate. Then, total N analysis and total P were measured by Gilford 300N spectrophotometer at wavelength 625 nm and 710 nm, respectively; Total K was identified by using Polarized atomic absorption spectrophotometer.
Statistical Analysis
The statistical differences among the treatments were clarified by analysis of variance (ANOVA) in combination with Fisher's least significant difference (LSD) test. The difference among the value was considered statistically significant at p < 0.05. Data analysis was performed using SPSS 20.0 software.
Results and Discussion
The Soil, Biochar and Compost Information
Physicochemical properties of soil biochar and compost are listed in Table 1 T. T. T. above. The soil pH, C%, C/N ratio showed the lower values than those of rice husk and bamboo biochar, while the bulk density of soil was much higher than that of all biochar types and compost. Comparing the carbon (C) percentage of biochar types, Bamboo had more C content than that of rice husk. This evaluation would be valuable for environmentally sustainable biochar selection, with bamboo forest area expanding to unmanageable levels, and carbon dioxide gas emissions increasing as well. The pH, C/N ratio of compost was the same as those of soil, while its bulk density was similar as that of biochar.
Meteorological Data at the Experiment Site
Whereas crops grown outside would be affected by all weather conditions such as temperature, rainfall, wind velocity, sunlight; crops grown in a glasshouse which was not able to keep the cultivate environment consistent, would be mostly impacted by temperature and sunlight. The weather data in Table 2 showed that the average temperature in April and May of 2016 was much higher and the sunlight time in April is much lower than those of 40 years averages, since biochar impacts on tomato in this experiment might not be present for the average climate condition.
The Response of Biochar Application to Tomato Growth, Yield and Quality
The effect of biochar on tomato's growth varied according to biochar types and biochar rates. In Figure 1 , the leaf chlorophyll content of all treatments during 7 weeks of harvesting showed that biochar amendment (except RH2) enabled plants to maintain the leaf chlorophyll content better than that of control, since it resulted in better keeping photosynthetic activity of plant to final harvest time.
It was one important factor to conserve tomato yield and quality during all harvest time. Caliman et al., 2010 also found the same result for better tomato quality growing in a field than in a protected environment [30] . In additional, [31] . Figure 2 clarified the effect of biochar on tomato plant height, number of leaves and biomass yield. Applied bamboo biochar led to significantly increase tomato leaf numbers, fresh biomass yield in above and underground parts for BB5 by 21%, 40% and 114%, respectively. However, tomato's growth characters in rice husk biochar treatments did not show any significant difference, or was even slightly reduced compared with those of control.
Bamboo biochar also showed positive impacts on number of fruit (NF) and fresh yield (FY) (Figure 3 ). Whereas two rice husk biochar applications (RH2%, RH5%) did not have any significant impact on NF, FD and FY. Bamboo biochar showed a significant increase for both NF and FY at both rates 2% and 5%. In detail, the increasing values for NF were from 10.7 fruits (BB2) to 12.7 fruits (BB5), and for FY were from 23.2 gram/crop (BB5) to 24.7 gram/crop (BB2). The fruit diameter was the same among treatments from 1.73 -1.80 cm. The positive impact results of bamboo biochar amendment was also found by Carnaje et al. (2015) [32] , who reported the increase in mung bean production by 27% in height, 8.5% -15.7% for root nodules and up to 102% of pods in acidic soil; Brassica grown on mine-polluted soil in Feng county (FC) and Tongguan (TG) of China showed the improving of shoot/root growth, dry biomass and in increment of chlorophyll together with carotenoid concentration [33] .
Because cherry tomato is usually used as a fresh vegetable in human daily meals, its quality was a very important character that the authors wanted to emphasize in this experiment. From Figure 4 , both bamboo and rice husk biochars at each application rate had positive impacts on tomato's total sugar content (glucose and fructose) by 55% -91%. In addition, bamboo and rice husk biochars applied at 2% significantly increased total ascorbic acid content compared with that of control (12% -17%), while this trend was not found for the 5% biochar application. The response of biochar application to the crop's quality had not been mentioned much in previous studies. Research of Iowa State University showed that, there was no significant difference of total soluble solids (Brix˚ 
The Changes in Soil after Biochar Application
Plant survival and growth is critically influenced by soil available water and nutrients. Biochar application improved physical properties of the soil and changed the nutritional dynamic. However, its impacts depended on soil type, biochar raw material, biochar rate, and biochar production method including pyrolysis temperature and time [37] .
In this experiment, bamboo biochar amendment to soil mixture played a better role in terms of holding much more available water and nitrogen than rice with respect to soil texture and biochar rate [42] . In this study, bamboo biochar significantly increased available water, which was recorded before and after tomato cultivation by 25% -38% and 9% -18%, respectively. This trend was not found for rice husk biochar at either time of analysis, however the more water availability in bamboo biochar treatments recorded, the more advanced crop growth was indicated in this experiment, because of the importance of water plays in the crop's life [43] ( Figure 5 ).
The soil analytical results after harvesting (Table 3) complex processes including absorption, leaching, N mineralization, nitrification and N immobilization [31] [44] . Biochar application often immobilizes soil mineral N because of input of label C, and increasing soil C/N ratio [45] or fixes N through absorption [37] . However, due to the amount of N added and low C/N ratio of the soil which would limit N immobilization [31] ; additionally, biochar amendment developed as a slow release N fertilizer [46] , meaning biochar might have a positive impact on soil N in this experiment. Table 3 showed the total N of bamboo biochar treatments was significantly higher than that of control or rice husk biochar, which may be a result of (1) 48] , however "biochar acted as a sink instead of a source of P when applied at high quantity (2% -4% of soil weight for 0 -10 cm)". It was also found [49] that the application of fast pyrolysis of corn stover (Zea mays L.), Ponderosa pine wood residue, and switchgrass biochars had different effects to acidic soil and calcareous soil, finding that "the incorporation of biochars to acidic soil at 40 g/kg (4%) increased the equilibrium solution P concentration (reduced the sorption) and increased available sorbed P. In calcareous soil, application of alkaline biochars (corn stover and switchgrass biochars) significantly increased the sorption of P and decreased the availability of sorbed P.". A meta-analysis of biochar effects on plant productivity and nutrient cycling identified that the application of biochar to soils resulted in increased aboveground productivity (P < 0.01), and soil P (P < 0.001) [50] . In addition, when biochar is applied together with compost, it provides a slow-release P pool for plants [31] [51] [52] thus enhancing crop productivity for a long term period. In this study, BB5 showed a statically significant increase in the total P compared with rice husk biochar and control. This result might come from the higher BET surface area of bamboo char than that of rice husk char [47] . The potassium dynamics in soil are changed by biochar amendment in several ways. Firstly, it reduces the leaching losses [53] . Secondly, it allows for the nutrient retention, including K [54] because biochar has porous structure, large surface area and negative surface charge [55] [56] [57] [58] . The meta-analysis of biochar effects on nutrient cycling base on 371 independent experiments also emphasized that soil K was increased by biochar application at P < 0.001 [50] .
No change in soil total K was found in this experiment, so this state could be explained by the K content in the compost that we used.
Conclusion
Our results indicated that between bamboo and rice husk biochar applications to soil-compost mixture, only bamboo biochar showed positive effects on tomato growth and yield. The significant increase of tomato growth and yield compared with control was showed by BB5 in enhancement of leaf number and biomass yield. The BB2 and BB5 showed increased fruit number from 28% to 34%, while that of RH was 4% for RH2 and 11% RH5. Those enhancements therefore contributed to enhanced tomato yield from 23% (BB5) to 25% (BB5). The different tomato expressions in growth and yield of two biochar types application reflected the better ability of bamboo biochar to store water and nutrient compared with rice husk char. Furthermore, biochar application for both rice husk and bamboo materials help to significantly improve the tomato quality including total sugar content for all biochar treatments and ascorbic acid content for BB2 and RH2. Agricultural Sciences 
